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EliECmODE 

Hi© ptesmt Invendoa relates to a process for the manufecture of an electrode, 
wlireia the dtecliodB is switabte for wse as a componewt of a fiiel ceU memljiano electrode 
5 assetnblb^. 

Qectrodianical cells invariably comprise at their fimdamental level a soUd ot 
liquid etediolyte and two electrodes, the anode and cathode, at whidi the desired 
electrocjhemical leactions take place. A fael ceU is ?ai energy conversion device that 

10 effidendy converts the stored chemical energy of a fuel and an oxidant into electrical 
energy. The feel is usually hydrogen, stored as a gas, or methanol stored as a liquid or 
gas, and the osddant is aii ox oxygen. The hydrogen ox methanol is oxidised at the anode 
and the oxygen is rednced at the cathode. In these cells gaseous leactants and/or products 
have to be diflEused into and/or out of the cell electrode stmctores. The electrodes 

15 fbexefbrB axe speciiScally designed to be porous'to gas diffusion in order to opthnise the 
contact between the rmrftrnttf and the reaction sites in the electrode to maxhnise the 
leaction rate. The etectrolyte wWdh has to be hi contact with both electrodes to maintain 
electiical contact in tl» fuel ceU may be addle or alkBllne, liquid ojr solid, in natote. In 
the proton exchange membrane ftid cell (PEMFQ, whether bydrogpn ot methanol 

20 foelled, the electrolyte is a solid proton conducting polymer membrane, commonly based 
on perfluorosulphomc acad materiBls, The IPBMFC is the roost Ulody type of feel ceU to 
feid wide application as a more efficient and lower emission power generation technology 
in a an^ of maikels mduding statinnaiy and portable power devices and as altetoative 
to the fwtenriHi combusticm engine in tianqKntation. 

In die PEMFC the cornbined laminate structure fanned ftom the membrane and 
flie two electrodes is Imown as a mcanbxane electrode asembly <MEA). The MEA will 
typloOly ctnnprise several layers, but can in gBnexal be oonsideied, at its basic Icvd, to 
have five layers, whidi arc defined prindpally by tfaehr fimction. On diher side of the 
30 membrane an anode and cathode electrocatalyst ishioorporated to increase the ates of the 
desired electrode reactions. In contact wifli the dcctrocatalyst containing layers, on the 
- opposite fiu» to that m contact with the membrane, axe the anode and cafliode gas 
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difEusiow substwt^ s\ibstrates <ODS). The anode GDS Is desigaed to be porous and to 
aUow the leactant hydrogen or methanol to enter 6om the face of the substrate exposed to 
the leactant fuel supply, and then to difftise through the thickness of the substrate to the 
kyer which contains the electrocatalyst, usually platumm metal based, to mscdmise the 
5 electiodiemical oxidation of hydrogen or methanol. The cathode GDS is also designed to 
be porous and to allow oxygen or air to enter the substrate and diffuse through to the 
electrocatalyst layer reaction sites. 

The complete MEA can be ojnstructed by several methods. Hie electrocatalyst 
10 layers can be bonded to one surface of the GDS to form what is known aS a gas diffusion 
electrode (GDE). The MEA is then fonned by bonding two GDEs with the Solid pioton- 
condncting xnembxaae. Altemativay, the MEA. may be fonned from two porous GDSs 
and a solid proton-conducting polymer membrane catalysed on both sides (hereinafter 
lefened to as a catalyst coated membrane or CCM); or indeed the MEA may be fonned 
IS fam one GDE and one GDS and a solid proton-conducting polymer catalysed on the side 
&dngtiteGDS. 

The electrocatalyst materials for the anode and cathode structures typically 
oonqoise piedous metals, in paiticnlar plathwm, as these have been found to be the OTP$t 

20 offldeni and stable dactrocatalysts for all low-tenqwwture fiid cells socix a$ the PEMFC- 
Platiraom is employed either on its own as the o«ay electrocatalyst metal or in combination 
with other piedous meteds or base metals. The platinum based electrocatalyst is provided 
as very small paitides (-20-5QA) of high siurtEaoe area, which are often distributed on and 
sopported by larger macroscopic oondurtiiig carbon particles to provide a desired catalyst 

25 loading. Condacth»g caihons are the prefcned ipateiials to support the catalyst. 
Partioulate aubon blade materials typically employed inchide Vulcan XC72R and 
Shawmigan. It is dso possible that the pHathmni based electrocatalyst may not 
tocoipoiate a support, and hi this case it is referred to as an unsigjported Pt electwrcatalyst. 

30 The dectiocatalyst layers suitably cong>rise some level of the proton conducting 

polymer in contact with ihe elsctrocatalyst reaction sites. This enables the tm<Amt 
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tianaspoit of protons fiom the anode reaction sites through the polymer manbiane to the 
cathode reaction sites. 

One method of incojporating proton conducting polymer into an ejec^catalyst 
5 layer is a method wherein a catalyst layer is applied to a GDS, at»d a solution of proton 
conducting polymer is subsequently applied to the catalyst layer. The electrocatalyst is 
fomrolated into a catalyst ink by diqwrsing in water and adding a suitable binder. The 
catalyst ink is applied to the GDS by a suitable proce^ such as soreea printing or 
q>raying. Thereafter a solution of proton conducthig polymer is applied to the 
to Ble<drocatalyst layer. Snch processes are described in EF 577 291. 

By incoipotating proton conductong polymer in the catalyst layer, it is possible to 
imprave catalyst utilisation wherein the proportion of the platinum-based catalyst that 
actually takes part in the catalytic reaction is increased. Ihe Catalyst utilisation is affected 
IS by tibs ^ee-phase interface betweea the catalyst, the gaseous leactants, and the proton- 
condncthog polymer. Improving flie catalyst utilisation can incuease die MEA 
peifimnance (measured as cell voltage at a gfcven curvent density) wiUiOul facteasing the 
amount of jdathmm-based catalyst. 

20 The problem of improving catalyst utilisaJlcai is addressed in EP 637 851- A 

colkidal dispersion of proton conducting polymer is rndxed with a siqjported catalyst and 
applied to a GDS to produce a catalyst layer. The colloidal dispersion contains an organic 
solvent wifli a polar group other than taydroacyl, eg an ester, ether, carbonyl, amino or 
caiboxyl group. 



25 



The present toveatois have sooght to find altemaJive methods of prQdn<dng 
catalyst lajrers widi high catalyst ntili^itxon. ' 

Acoordio^» the present invention provids a process for the matwfactum of a i^s 
30 iBSnsion electrode conrprising the steps of 

a) applica]3on of a catalyst iok to a gaS dififusioo substmte; 

b) firing; 
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c) applicatioii of a proton-conducting polymer solution; and 

d) drying; 

ch^ffaoterised in that the p(roton-KX>iiducting polyancx solutfon comprises one or more 
* solvents selected fiom the group of solvents with structure A 

O 

5 

wherein R^ and ^ are indepOTdendy chosen fiom H, metiiyl, ethyl, n-propyl and iso- 
propyL 

Smtably» the proton-conducting polymer soludon comprises one or more solvents 
10 selected fiom N;N'-dimethylacetamide, N^N-diethylacctamide. fcrmamide, N- 
mefliylforraamide, NJJ^dimediylfbrmnTnide, N-etliylacetamide. NjN'-diprOpylacetamide 
and N-znefhyl^^ N<-ethyIacetamide. 

Preferably, the proton-conducting polymer solution comprises N^N- 
15 dimethylacetamide (R^ and R^ are methyl). 

The catalyst ink suitably comprises an electrocatalyst, a solvent, optionally one or 
more binders and optionally one or more iheology modifiers. In one embodimeiit of the 
inventian, the dectrocatalyst is an unsupported metal catalyst such as platinum black. In 

20 a second embodiment of the invention, Ifae electrocatalyst is a supported metal catalyst, 
such as platinum or a platinum alloy siq>poitBd on a conductive carbon support The 
metal catalyst is dispersed in a solveni* preferably water. Suitable binders bacliwJe 
Iqrdrophobic polymers sudh as polytetrafluoroeflhylene (PTFE) or fluorinated ethylene- 
ptropylene <PEP)- Rheology modifias are suitably cellulose-based, suob as 

25 znefhylcellulose. 

The catalyst ink may be applied to a GDS uaine any technique known to fiiose 
skilled in the art Suitable techniques include soB^a printing, q>i^^ 
doctor Toils^ m^od£!. 
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The GDS Js made of poious electrically conductive sheet xnafsnal. Siiitat>Ie 
materials indwle caibon fibre papeis, for example those BTaUaWe ftom Tot^y IndnsWes, 
Japan, (Toray TGP-H-fiO or TGP-H-90), and woven caibon fibre cfoths. for example 
5 those available from Zoltek Coipoiation, USA, (Zoltek PWB-3). Substrates s»ch as these 
are usually modified with a particulate material eitiier embedded within the flbte netwods 
or coated on to the laige planar Surfeces. or a oombinalion of both. lypicaUy these 
particulate materials comprise a caxbon black and polymej: mix. The pardcalate caibon 
Mat* material is. fwr example, an oU feroace black such as Vulcan XC72R (from Cabot 

10 Chemicals, USA) or an acetylene black such as Shawinigan (&om Chevron Chemicals, 
USA). polymer most ficeqiiently used is polytetiafluoioethylene (PTF^). The 
coating, or embeddhig, is carried out hi order to unprove the water management 
properties, improve gas diffiision characteristics, to provide a continuous surface on 
wWdi to apply the catalyst Uiyer and to improve the electrical conductivity. An 

15 alternative mitferial that iias shown comparable performance to carbon p^et Ot doth is a 
substrate cooq)ri5hig a non-woven network of carbon fibres (carbon fibre stroctwies 8u<ai 
as Optfanat 203, ftosm Tfechnkal Hbie Products, UK) with a particulate material 
canbedded within the fibie networic. Such materials are disclosed in EP 0 791 974, WD 
00/47816, WO 00/SS933 and EP 1 063 716. 

20 

The firing stqp <b> is suitably carried out m air and must be carried out at a 
tempeiatDie that is sufficient to bum off any riieology modifiers that have been 
mcorporated into the catalyst ink. The temperature must also be suffiaent to cause any 
pofymer bmdeis such as PTFE to flow, A smtable firing terapeyature for a catalyst layer 
25 cQnDqpri^ngFirEisintiieTar^300-400''C. 

The proton-conducting polymers suitable for use in the present invention may 
indnde, but axe not limited to: 

1) Fotymera which have stmctnrBS with a substantiaUy fluorioated caibon chain 
30 optionany havmg attached to it side duuns that are substantiaUy fluorinated. Hiese 
polymers contahi suliAionic acid groups or derivatives of sulphonic acid groups, 
carboxylic add groups or derivatives of caiboxylic add groups, plmsphonic add groiqis 
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or derfvatiws of phosphonic add groups and/or miztone of Uxo^ gioiips. Fetfliioiinated 
polymers include Mfafion®, Flemion® and Adplex® commercially avaflaUe feom E. I. 
DuPont de Nemours (0.5. Patents 3,282^75; 4329/»35; 4;330^54; 4^8^45; 
4,417,969; 4,610,762; 4^33X)82 and 5,094^5), Asahi Glass KK and Asahi Chisniical 
' S Industry respectively* Other polymers indude those covered in VS. Patent 5,595,676 
(Imperial Chemical Industries pic) and US. Patent 4,940^25 (Dow Chemical Co.). 

2) PerQuoiioated or partially flnoiinated polymers contauiiHg aromatic lings such 
as those described in WO 95/0S5S1, WO 95/08581 and WO 97/25369 (Ballaid Power 
Systems) which have been functionalised with SOsH, POzHn, POdHz, CHiPOsife, COOH, 

10 OSOsH, OPO2H2, OP03H21 Also included are radiation or chemically grafted 
peifluoiinatsd polymeis^ hi which a perfluorinated carbon dwin, for example, PTFE, 
fluorhiated etihylene^ropylene (PEP), tetrafliioroethylene-ethylene (ETFE) oopolymcis. 
tetrafluoTOBthylene-peifluoroalkoxy (PFA) copolymers, poIy(vinyl fluoride) CPVF) and 
p(dyCyinyHdehe fluoride) CPVDP) is activated by radiation or chennical initiation in the 

15 pre^ce of a monomer, sudi as styiene, whidi can be functionaUsed to contain an ioo 
exxlxange gionp. 

3) Huoiinated polymers such as those disdosed in EP 0 331 321 and EP 0 345 
964 (tnqjcrial dusmical InduStdBS pic) contaicdng a polymeric dhain with pendant 
saturated cyclic groups and at least one Ion exchange group wfaidi is linked to the 

20 pfdymeric ciiuD throu^ Ifae cyclic group. 

4) Aromatic polymeis soda, as those disclosed jo EP Q 574 791 and US Patent 
5/138,082 (Hbcchst AQ) for example sulphonated polyaryletherketone. Also aromatic 
polymeis Boch as polyether sulpihones which can be chetnicaUy grafted with & polymer 
with ion exchange functionality sucih as those disclosed in WO 94A6002 (Allied Signal 

25 Inc.). 

5) Nonfluorinated polymers include those disdosed in U5, Patent 5,468,574 (Daia 
Oorpoiation) for examjde hydiocaibona such as fityiene-<ethylene-butylene)-styrene, 
styiene<etfaylffiaB-propylene)-<styzene and acirylonitrile-bwta<fiene-styieDB co- and 
terpoIymerB ^eie the stycene compononla ate flmctlonalised with sulphonate and/or 

30 phosfdionic gioups. 
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6) Nitrogm ccmtaming polymers induding those disclosed in VS. Patsxit 
5^599^39 (Hoechst Celanese Coipoiation), for ©xainiJle, polybeuzimidazole alkyl 
svlphonic add and polybeozimidazole aJkyl or aiyl pbosphonate. 

4 

5 The protott-conducting polymer solution comprising one oi more of the solvents 

of stiuctuxe A may be produced by a solvent exchange technique. Piotoa-conductiiig 
polymers may be purchased as solutions in a nrixtUTB of alcohols and water, eg EWllOO 
5% Nafion® solution available from DuPont, Hie solvent exdbange technique can be 
used if the solvents Of structure A have higher boiling points than the solvents in the as- 
10 puidiased solution. The solvents of stnictuie A, eg N^-dimethylacetamide, are added to 
the as-puidxased soltrtion, and the lower boiling point solvents evaporated- This may 
be canied out using a ntaiy evspOiatoi ox a fractioitaiing column. 

• Hie pioton-conducting polymer solution cx}n9rising one or moie of the solvents 
15 of Btiuctuxe A may also be produced by dissolving a polymer in the appxopriate sbJvejkt, 
preferably in an antodave. 

The proton-oonductiing polymer solution m?v be applied to the fired catalyst layer 
by ledmiques sudi as screen printing, spraying, K-bar methods or doctor blade 
20 tedmiques. ApteferiedtBdiniqueisscceeniiiintiag. 

After the pxotonrconductlng polymer solution has been applied, the catalyst layer 
is dried to lemove sotvent ftom the catalyst layer. TWs can be canied out in an oven with 
or without a vacoum. A suitable dtying tempetatute is in the taoge of 100-130"C. 

25 

HiB present invcsntion farther provides a novel process for the mannfactuxe of an 

MBA. oomprisiingthe steps of 

a) appUcation of a catalyst Ink to a gas diffusion substrate to fiMm a gas diffiis^^ 

electrode; 

30 b> filing dte gas diffiisicm electrode; 

c) application of a piDton-conduding polymer sohition to the gas dif&ision 
electrode; 
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d) opiionany drying &e gas cHftoion electro 

e) combining ftie gas difiusioh electrodfl with a proton conducting polymw 

characterised in that the proton-conducting poiymer solution comprises one or more 
5 solvents selected fiom the group of solvents "with structure A 

O 

h 

vdiereiii and are independeady chosen from H, melhyl, ethyl, n-propyl and iso- 
ptopyL 

10 Suitably, the proton<onducting polymer solution comprises one or more solvents 

selected from N,N-dinjBfliylacetainide» N,N-dielhylacetamide, formamide, N- 
metMfbnnamide, N^-d3methylfonnaniide, N-edxjrlacetam|de, NJ^-dipKJpylacs^tasDaidO 
andN-medyl, N-cthylarBtamide. 

15 Prefeably, die proton-conducting -pofymer solution wroprises N,N- 

12 3 

< ^?meri iyfaAAtflmiXfe (R , andR aiemelibyl). 

Preferably, two GDEs are combined with the proton conducting polymer 
memhian& To combine Ae etecttodes and the mranbrane, it is prefened to use a 

20 lamfatrfhig process -nliersin flis coaxxponents are combined by the ^pUcalion of pressure, 
and optlonaUb^ heat Suitable MEA lamTnattng piocrases are described in EP 577 291. 
the drying step (d) is optional because in one embodiment of *e inveaitujn, the 
Tini^t.r«na and the GDE can be cwnlMiKd whilst die GDE is still wet, ie solvent is slill 
pjEtecsnt m the catalyst layer. If the laminafiatt step is carried out using a wet GDE» it may 

25 benscessaiy to dry l!»N!EA after larnination, to order to JMnove any residual sol^^ 



The protoa coirfncling polym^ membrane prefeaabfef contains a polymer such as 
tbose described above. 
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The electrodes and MEAs manufacturtsd according to the processes of the 
iffvention are suitable for use in fuel cells, but may also find use in other applications such 
as sas sensow or electrolytic reactois. .The electrodes and MEAs comprising unsupported 
catalysts may be particidaily usefol when used in Direct Methanol Fuel Cdls. 

s 

Ibe invention will now be desctibBd by way of example o»ly . 
Comparaitfve Bsample 1 

10 Electiode pxcparatioii: Two carbon fibre paper substrates (Toray TGP-H-60> were 

treated with FTFE, and eaibon blade base layers were affiled to one surface of each 
substi»te. HatnwTO Wade caMyst layers were printed onto the base layers at a loading of 
4.19nie/cm*. A top-ooat of ion-conducting polymer solution was bmshed onto each 
catalyst liyer. H»b polymer solution was an acpteous solution of Nafion®, produced $s 

15 described itt EP 731 520 and essentially containing water and 10wt?S Nafion® polymer. 
Tte polymer coaliAgs wwe dnfed at lOS'C in air to remove the water, giving a polymer 

2 

loading of 0JZ3mg/Gan . 

MEA prquoation: Ihe two electrodes were ctninbfaied with a Nafion 112 
20 membrane CDuPom) in a standard MEA lanunalion process, as cra^ 

art. 



Comparatire Example 2 

Electrodes and an MEA were pxepaied as in raample 1 cxocpl the loading of the 
Nafianf^polymrarwasO.Tmg/cm . 

Esxnnple 1 

Electrode pr^aration: A first electiode was prepared as described in oompamtive 
example 1, A second electrode was prepared in a simHar manner except that the ion- 
conducting polymer solution was a 10wt96 solution of Nafion® polymer in NJ?^ 
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dunathylacetamide. Hie solution wa$ pioduced by a sqlvant exchange process using aa- 
leoeived EWllOO Nafion® solutioni from DuPont. The solution was brushed onto the 
plaliiium black catalyst layer and dried at 105°G in air, giving a polymer loading of 
(i32msfcm. A second coat of the solution was brushed onto the electrode, but the 
5 second layer was not dried. "JTub gave a wet electrode wltli a nominal polymer loading of 
O^cm'. 

MEA ptqjaration: The fim and second electrodes were combined with a Nafion 
112 ^^.^mWHmi. (DuPom) as in coanpaiative example 1. Hie second dectrode was wet (ie 
10 N^-dimethylacetamide solvent leniained in the catalyst layer) when the MBA. was 
bonded. After the laminafcion step, the MEA. was dried at lOS'^C to remove any remaining 
solvent. 

MEA Po'fiaffnuaice 

IS The MEAs ptodaced m crarpaxBtive examples 1 and 2 and examine 1 were tested 

in a fnel cell at 80'C Hydtogaa at 200KPa gange and 100% relative humidity was 
supplied to the anode, and air or oxygen at20CBdPagsngpand 100% relative humidily was 
supplied to the caJhode. The leactant stokhiometfy was l;SiZ foe hydtogpn to air and 
13:10 for Jqrdrogen to oxygen ^ving the same volometidic gas flow rate in both cases). 

20 

Blgure 1 shows flbe bell voltage v^sus ihe cunent den^ for the three MBAb. 
Theie are two data sets for cxanapto 1- In a first experiment^ the second electrode (made 
iismg die N^ISkiimetbylacetamide solut&m) was fflaced <m the cathode side of the fiid 
ceU. The data from this ejqperimait is suoply labdled *Bsainple 1: Air/Oxygen". In a 

25 second experiment^ the second electrode was placed on Ihe anode side of the fed Cell. 
The data fean this esqwriment is labelled 'EKamifle 1 reversed: Aii/Oxygen". Under die 
conditions in the performance tert (widi a pure hydrogen fibed) it is the cathode Oat Ihnhs 
die periformancB of an MEA. If the catalyst ntilfcation In the cathode is improved, dieje 
wai be a mariced impiovement ia the MEA petfomiance, particnlariy at low cujient 

30 densities. 
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Figure 1 shows that th© peifonnance of comparative example 1 and '%xanq>Ie 1 
revexsed" aj© cpropaxable. There is no performance benefit gained by plapjug Hie 
elec^de ma^e nsing the N^-dimethylacetamide solution at the anode side of the fuel 
* cell. Comparative exanq>Ie 2 has a higher Nafirai® loadmg than comparative example 1, 
5 but shows i^iTTiilar performance at low current densities and ttorefore the catalyst 
utilisation is not significantly altered by the increased polymer loading, feiample 1 
exhibits the best performance at low current densities. Placing the electrode made uping 
the NJN-<limethylacetamide solution at die catfiode side of the fuel cell produces a 
peifoimancB gain* demonstrating that the we of tbe NJM-dimethylacetamide solution 
10 impiOYes the catalyst utDisation in lfae.cata]y$t layer. 
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Clatms 

1- A process for the maaufectum of a gas diffiision electrode comprising tiie stqps of 
a) appUcation erf a catalyst ink to a gas diffusion substrate; 

5 b) finng; 

c) application Of a piotoji-conductine polymer sohitioo; and 

d) drying; 

characterised in that the proton-conducting polymer solution comprises one or 
more solvents selected from the gionp of solvents with etiucture A 

h 

10 

wherein r\ R? and are independently dwsea from H, melbyl, ethyl, n-propyl 
and iBO-i>iopyl. 

2. A piDcess acwjiding to claim 1, wherein the proton-conducting polymer solutloii 
IS oonpcises NJ^T-dimet]biylac6taiaid&. 

3. A piocess accoiding to claim 1 Of daim 2, wherein the catalyst ink comprises an 
filecttocatalyst, a solvent, optionally one or more bindeiS and optionally one or 
more ilieology modifieis. 

20 

4» A P1CQOS68 according to daim 3, wherein the electiocatalyst is an imsupported 
metal catalyst. 

5. A process according to claim 3, wherein the electrocalalyst $a a supported metal 
25 catalyst. 



6. 



A process according to any precedfedig <aahn, wherein the catalyst ink comprises a 
PTFB binder. 
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7. A ptocess accoi^g to any preceding claim, wherein the proton-conducting 
polymet solution comprises a pecfluorin^ed polymer. 



8. A process for tfw nmxniEactuxe of a membrane clectiode assembly con^rising the 



a) €5>pKcationof acatalystinktoag^dififuaonsubstKitetofo 

electrode; 

b) fixing the gas diffusion electrode; 

c) «qppUc9tiO!n. qf a pxoton-conducting polymer solution to the ges diEfusioa 

10 ekctfode; 

d) optionally diyxQigtfae gas diffusion electrode; and 

e) comUains the gas diffusion elecjtiode with a proton conducting polymer 

chaxacterised in tliat the proton-CQndncting polymer solution contains one or more 
15 solv^ts selected fiom the group of solvents witibt stroctuxe A 

O 

\ a 

y 

wherein k\ and are independently chosen ftom H, methyl, ethyl, n-propyl 
andiso-proiyyl. 

20 9- A process according to claim 8 wherein, the piotott-<5onducting polymer solution 
comprises N Jf^-dimethylaicetamide. 

10. A process accoxd&Qg to claim 8 or claim 9, wherein the catalyst ink cook^rlses an 
electiocatalyst, a solvent:, optionally one or more binders and optiooally one or 
25 moie xfaeology modifiers* 

11- A pioces accoidmg to daim 10, wheidn the electiocatalyst is an unsupported 
metal catalyst. 
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12. A process accorfing to daim 10, wifadn tho electcocatalsfst U a supported metal 

catslyst. 

13. A process according to any one of claims 8 to 12. wbaiein the catalyai ink 
5 comprises a FIFE binder. 

14. A piocess according to any one of cJaims 8 to 13 , wherein the pioton-condnctmg 
polymet solutioD compiiBes a pecfluoxinated polymer- 



10 
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5 Abstract of the layeiitioii 

Anovel piooess foi the manufacture of a gas diffasidii electrode comprising the steps of 

a) application df a catalyst ink to a gas di^ 

b) fixing; 

10 c) appUcatianofaproton-coiidtictingpoIyinersolu^ 

drying; 

characterised in that the piotoja-ooaducting polymer sohrtion comprises one or more 
solvents selected J6x>m the group of solvents with stractoie A 

R3 

15 whetein R*, and are independently dbo&en fiom H. methyl, ethyl, n-piopyl and iso- 
propyl is disclosed. A novel process for the manufectuie cf a membrane electrode 
assexnbly is also disdosed. 



20 
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